ABSTRACT Summary: About a third of all protein sequences have at least one composition biased region (CBR). Such regions might act as linkers between protein domains but often confer specific binding to various molecules; therefore their characterization in terms of their boundaries and over-represented residues is important. Analysis of CBRs in a particular sequence can be time consuming if several types of biases have to be explored and their position visualized. Assessment of the significance of the detected CBRs can be approached by comparison to homologous protein sequences. To assist this procedure, we have developed BiasViz, a tool that allows to graphically studying local amino acid composition in protein sequences of a multiple sequence alignment. Availability: BiasViz java applet and source code can be accessed from http://biasviz.sourceforge.net.
INTRODUCTION
Most proteins sequences are a complex series of amino acids with side chains of varied properties. However, about a third of protein sequences contains composition biased regions (CBRs), also described as regions of low complexity, unusually rich in one amino acid or in amino acids with similar properties (Wootton, 1994) . CBRs can act as flexible linkers (spacers) between compact domains, in which their precise sequence is actually unimportant, but they have also being reported to function in the binding of proteins and other substrates (see for example (Sim and Creamer, 2004; Ulbert et al., 2006; Wootton, 1994) and references therein). It is therefore important to characterize the extent and composition properties of such regions.
In some cases the characterization of a CBR is straightforward (for example the N-terminal poly glutamine tract of mammalian Huntingtins, which in the human sequence is a series of 23 consecutive glutamine residues). However, functionally relevant composition biases are often small (for example a frequency of 30% of a given amino acid in a region in contrast to a 10% in the unbiased regions) and the property of the amino acids involved in the bias might not be obvious at first sight; the bias can be produced by a particular amino acid, like lysine, or by amino acids with similar properties such as having positive charge or being polar.
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Programs have been developed to detect low complexity regions (e.g., seg (Wootton and Federhen, 1996) ). These programs are routinely used to filter them before sequence analysis to avoid false positives in pairwise sequence comparisons (Bork and Koonin, 1998) , and do not inform of the significance or composition bias of the region. Pairwise sequence comparison algorithms can assess the statistical significance of the similarity between phylogenetically divergent proteins but assume that local amino acid composition is close to random and therefore cannot be used to characterize CBRs by sequence similarity (Altschul et al., 1994) . As a result, CBRs have a tendency to escape homology detection by pairwise sequence comparisons. An alternative to assess the significance of a CBR in a particular protein sequence is to examine if the CBR is present in some of its homologous sequences in equivalent positions of their multiple sequence alignment (MSA) (Sim and Creamer, 2004) .
We recently applied this idea to analyze the CBR of AIR9-like proteins (characterized by a basic Serine/Threonine rich region) implicated in microtubule binding (Buschmann et al., 2006) . CBRs of AIR9-like proteins from plants show little homology in linear sequence alignments, but present a conserved bias for basic and hydroxylated residues. This became obvious after an MSA of the family was studied and plots of sequence composition of the plant members were compared with those of other sequences of the family (Buschmann et al., 2007) . Following these ideas, we have developed a tool, BiasViz, which allows the interactive visualization of amino acid composition biases of protein sequences in a multiple sequence alignment at variable ranges.
JAVA TOOL
Input to BiasViz is a multiple sequence alignment in FASTA format (one example is preloaded at the BiasViz web site). This alignment is entered into a simple web form which when submitted launches the BiasViz applet. Once the applet is loaded the alignment will be displayed along with controls that can be used to change how sequence composition is visualized, including amino acids of interest and window size.
The user can select any combination of amino acids for composition analysis and view the sum of their local frequencies in the sequences contained in the alignment. The visualization is generated by running a sliding window across each sequence (excluding the gaps inserted in the alignment) and recording the fraction of amino acids within the window that belong to the set of amino acids that the user has selected. This information can be displayed in a scale from white (100%) to black (0%), or scaled up so that the location with the highest value is displayed as white ( Figure 1A) . A threshold can be set so that values of intensity above a cutoff are displayed
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as white and those below it as black ( Figure 1C ). Alignment gaps are represented in red. Output from the program can be saved in the form of a comma delimited table containing the currently displayed intensity values at each location in each sequence, which can be used for further graphing ( Figure 1B) . Fig. 1 . BiasViz analysis of 15 ADAM proteins. BiasViz was run using as input a ClustalW (Thompson et al., 1994) multiple sequence alignment of human ADAM19 and its 14 closest human homologs. The 15 proteins are members of the ADAM (a disintegrin and metalloproteinase) protein family (Wolfsberg et al., 1995) . (a) BiasViz representation of the complete alignment. Gaps are represented in red and sequence in a gray scale representing the fraction of prolines in a window, which in this case was of 36 amino acids, with white for the maximum value in the plot (0.45) and black for 0.00. The amino acid position is indicated at the top. C-terminal proline-rich regions can be appreciated in some of the sequences. (b) Left, phylogenetic tree generated by ClustalW. The sequences marked with stars are known to bind to SH3 domains via proline-rich regions: ADAM9 and ADAM15 bind to the SH3 domains of endophilin I and SH3PX1 (Howard et al., 1999) , ADAM12 to the SH3 domain of Src (Kang et al., 2000) , and ADAM19 to the SH3 domain of Abi2/ArgBP1 (Huang et al., 2002) . These four sequences do not belong to the same branch of the tree indicating that the SH3-binding property could not be deduced from a simple sequence analysis comparison (e.g. using BLAST). Right, plots representing the fraction of prolines in a window of 36 amino acids along two sequences: the SH3-binding protein ADAM19 has a region with values above 0.3 at the C-terminal; in contrast, homolog ADAM11 does not reach 0.3 values and its C-terminal have barely above 0.1 values. (c) BiasViz representation of the complete alignment using a cutoff. Proline fraction values above 0.30 are represented in white and black is used otherwise. Accordingly, only the four sequences that bind SH3 domains have highlighted regions, which are C-terminal in agreement to current knowledge.
Technical specifications.
BiasViz is implemented as a Java 1.5 applet and includes a small PHP input form used for input of the multiple sequence alignment to be visualized. As such, the program runs on any platform in a standard browser that has the Java plug-in installed, BiasViz itself requires no installation. The source code is licensed under the permissive MIT open source license (http://www.opensource.org/licenses/mit-license.php).
CONCLUSION
BiasViz has been developed to assist the analysis of amino acid composition bias in sets of protein sequences arranged in a multiple sequence alignment. BiasViz fills a gap that is not covered by algorithms to study sequence complexity or by pairwise sequence comparison methods. We expect that this tool will serve molecular biologists wishing to explore and describe composition bias in protein families and to produce graphical representations for the communication of results.
